Science of the Total Environment xxux (2018} xux-—xx

Caontents lists available at ScienceDirect

Science of the Total Environment

journal homepage: www . glsevier.cam/localelsciloteny

A field-based model of the relationship between extirpation of
salt-intolerant benthic invertebrates and background conductivity

Susan M. Cormier **, Lei Zheng ™', Colleen M. Flaherty

2 US Environmental Protection Agency, Office of Research and Development, National Center for Environmental Assessment, 26 Martin Luther King Dr. W, Cincinnati, GH 45268, USA
va Tech, 10711 Red Run Bivd., Suite 105, Owings Mills. M} 21117, USA

© U8, Environmental Protection Agency, Gffice of Water, Office of Science and Technology, Health and Ecological Criteria Division, 1200 Pennsylvania Avenue, N. W, Washington, DC 20460, USA

Ex. 4 CBl Copyright

ED_0054471_00041528-00001 Bristol Bay/Pebble Mine Permitting Process FOIAs_Final Release



2 SM. Cormier et gl / Science of the Total Environmient xxx (2018 ) xxx-xxx

salt-intolerant genetra in an area, The results also suggest that species distribute along natural background gradi-
ents of 5C and that this relationship can be used t develop criteria for ionic concentration,
Published by Elsevier BV,

Ex. 4 CBI Copyright

ED_0054471_00041528-00002 Bristol Bay/Pebble Mine Permitting Process FOIAs_Final Release



Rfeils i R £ b L i & i Tp EXAY 2,

Ex. 4 CBI Copyright

ED_0054471_00041528-00003 Bristol Bay/Pebble Mine Permitting Process FOIAs_Final Release



4 SM. Cormier et gl / Science of the Total Environmient xxx (2018 ) xxx-xxx

Ex. 4 CBI Copyright

ED_0054471_00041528-00004 Bristol Bay/Pebble Mine Permitting Process FOIAs_Final Release



S.M. Cormiier et ai. / Science of the Total Environment xxx (2018) xxu-xxx

(%]

Ex. 4 CBI Copyright

ED_0054471_00041528-00005 Bristol Bay/Pebble Mine Permitting Process FOIAs_Final Release



Ex. 4 CBl Copyright

ED_0054471_00041528-00006 Bristol Bay/Pebble Mine Permitting Process FOIAs_Final Release



S.M. Cormiier et al. / Science of the T

Ex. 4 CBI Copyright

Ex. 4 CBI Copyright

RETEFERICES

Bernhardt, E.S., Lutz, B.D,, King, RS, Fay, LB, Carter, CE., Helton, AM., Campagna, D,
Arnos, L. 2012, How many mountains can we mine? Assessing the regional impact
of surface mining on es“avvatm ecosysterns of the Central Appalachians. Environ.
Sci. Technol. 46, 8115 2

Bos, [, Cumn“mg,B

¢ Re 5(\),1—15.

r-Regulators: Life in Fresh Water, Anirpal Osmoregulation. Oxford
55, New York, pp. 148151

es, M., Kefford, BJ., Piscart,

at, N, Schafer, R.B., Schul
% Em'irmx Paﬂut. ‘173, 157

C., 2013, Sali-

UICL 1es {2007) A Promaol for Lhe Dmvamn of WaLr‘r Qual ty
Ministers of Environment. http://cegg-roqe.comeca/
(iovvmoad/en/zzﬁ,
Clements, W.H,, Kotalil, C, 2016, Effects of major ions on natural benthic conuwnumnities:
an experimental assessment of the US. i 3
life bendhmarlk for conductivity. Freshw. Sci. 35 (1), 126—138.
d-based Maodel of the Relationship Between Extir-

(r W 9m 3. Amnethod for deriving w
i wiron. Toxicol Chern. 32
. Suter, GW., Zheng, L., 2013, Deriy

Enwiron. Toxicol. Chern ‘: 2

Corm r,SM th;,,,‘, Leppo EW H.:mlton A, d017 Dat: : p—by—SLep Caleu-

icting Stressor Lr‘\:ds thaL Ext;rpate Genera and

/8 figshare 5500201

herty, CM., 2018a. A flow-chart for developing

ity ariteria ﬁom two field-based methods. Sci. Total Environ. https://doi.

citotenv. 2018.01.3137.

.. Zheng, L., Suter If, G.W., Flaherty, CM., 2018b. Assessing background levels of
specific conductivity using weight of evidence. Sci. Total Environ. htips://dolorg/
10,1016/ scitotenv.2018.02.017.

Dunlop, LE., Maan, RM., Hobbs, D., Smith, REW., Nanje
Assessing the toxicity of saline waters: the importar
water ionic compasinon at the river basin saale. Australas. Buil
Chem 2, 3-15

Envirorunent Canada and Heaith Canada, 2001, Priority Substances List Assessinent

: Road Salts. Canadian Enviro Protection Act, 1999, h
corn/prities/2008/02/07/37042 3 mentCanadareportpdf

Erickson, RJ., Mount, DR, Highland, T.L. LR, Hoff, DJ., Jenson, (T, Norberg-King,
T.J., Peterson, KN, 2017. The acute toxicity of major ion salts to Ceriodaphnia dubin. 1L

pirical refationships in binary salt mixtures. Environ. Toxicol. Chenw 36 {8), 1525
—1537.

Furopean Commission, 2011, Comnmon mplementation Strategy for the Water Frame-
worl Divective {2000/60/EC), Guidance Document No. 27, Tedhnical Guidance for De-
riving F]mronmcnta Quul ity Sram:euds Tem]xlcal Report - 2011 — 0 55. Furopgan
Comnmuniti ! ¢
ABEF-9T06-43 3

Evans, I3, 2008. ()smonc emd Icmxc Res,:;.dt HOIH ((’: s and Animals, CREC Press, '< oca Raton.
FL.

Findiay, S.E. Kelly, VR, 2011 Ernergiog indirect and Jong-terrn road salt e
systems. Ann N Y Acad. Sci. 1223, 5868,

Gerritsen, J., Zheng, L, Burton, J., Boschen, C, Wilkes, S., Ludwig, J., Cormier, S., 2010. Infer-
ring Causes of Biological Impairment in the Clear Fork Watershed, West Virginia. Na-
tional Center for Environmental Assesstent, Washington, DC. http//cfpub.epa.gov/
neea/cfmy/recon lay.cim?deid==201963.

Gillis, ., 2011, Assessing the toxicity of sedium chioride w0 the glochidia of freshwater
mussels: implications for salinization of surface waters. Environ. Pollut. 139 (6),
17021708,

Griffith, M.B., 2014, Natural variation and current reference for specific SC and major ions

(Iom“ia" ‘;M Suil

pa, V., Vard
2 of ancomunod ung [

xivol, Faviren.

Re-
[rwwlprweb.

£8 08 eCo-

riffith, Mra,zzm 'E'm.m]ue,ig.at]
phiysiciogy of maja
sexts, and Mol
s, ., Wilde, G., 2005, Tt
eam aystent. Hydrobi

iile, B., 2001 Ion Channels of ~xutab e Mombrane» Sinnauer Associates, Ine, Sunder-

land, MA.

James, G., Witten, D., Hastie, T, Tibshirani, R., 2013. An Introduction to Statistical Learning
nR bprmgu Science dnd Busmo« M{.L 4, N(‘w Yox k NY.

Karatayev, A
in the R io ‘J]aﬂdL one of the Wm d's top 1@ rivers at “wk Aq.ﬁa' Conserv. 22,
206-2 ‘}

Kaushal, $.5., Groffman, PM., Likens, GE., Belt, KT, Stack, WP, Kelly, VR, Band, LE,
thcr -uT 2005, ncreased salinization of fresh water in the northeastern United

states. Proc. Nath Acad. Sci. UL S, AL 102:13517-13520. bteps:/doleg/18.3073/
506434102,

ED_0054471_00041528-00007 Bristol Bay/Pebble Mine Permitting Process FOIAs_Final Release




ED_0054471_00041528-00008

8 SM. Cormier et gl / Science of the Total Environmient xxx (2018 ) xxx-xxx

...mul 47(18 1(1%02 10%]1

B - Utz RML Hag, S, Gorman, J., Grese, MM, 2018,

Fresh\ inization .synd‘ome on a continent z] scale, Proc. Natl, Acad. Sci. U4, 8.
A hitps://dolorg/ 101073 /pas. 17112341 15,

Kefford, BJ., Papas, .}, Metze
of {reshwater animals cort
355362

Kefford, B.J., Buchwalter, D., Cafiedo-Argiielles, M, Davis, |, Duncan, R.P, Hoffmann, A,
Thompson, R, 2016. Salinized rivers: degraded systems or new habitats for salt-toler-
ant faunas? Biol. Lett. 12 (3), 20151072, htips://doiorg/10.1098/rsbL2015.107 2

thelia of aquatic insects. Int. Rev. Cytol

Komuick, H., 1977. Chiotide cd]s and chloride cpJ
49, 285-328.

D.B., Norber-King, T, Kemble, N.E., Wang, N,
B3 s o evaluate effects of elevated
ing on freshwater invertebrates.

L R, Helion, AM., Merola, RB., Vengosh, A, Di Giulio, R.

ve iy of mountaiotop raining on an Appalachian watershed,
Proc. Natl. Acad. Sci. 108 Lw21 20920-20934.

Marmmll W 5. 4002 Na Cl " .;nd an* L“anspmtby fmh giils: retrospective review

Merriarmn, E., Petty,j., Merovi@ mhon I Smuer M 2011 Additivi ¥
and residential development on stream conditions i a central A:palac"unn water-
shed. . M. Am. Benthol. Soc. 30 (2), 399418

Micieli, MLV, Risso, I'., Achinelly, M.F, Villar, M.M., Muitis, E,, 2012 Population dynarics
between the mermithid Strelkovimermis spiculatus (Nematoda: Mermithidae) and
the floodwater mosquite CGehlerotatus albifasciatus {Diptera; Culicidae) over time.
Biol. Control 61, 35-63.

Mount, DR, Erickson, B, Highland, T. LR, Hoff, DL, Jenson, CT, Norberg-Hing,

J. P , KN, Pol iz, $., 2016. The acute toxicit

3 odaphmia dubia: 1. Influence of background water chen
Toxicol Cheon 35 (12), 303%-3057.

Nelson, D., Cox, M., 2005. Lehninger Principles of Biochernistry. W.H. Freeman & Co New
Yorlk, NY.

Olson, LR., 2012. The Influence of Geology and Other Environmental Factors on Stream
Water Chernistry and Benthic Invertebrate Assem . {PhD Dissertation). Utah
State University, Logan, Utah hitp://digitalcommens.usuedw/ogiviewcontent.cgi?ar-
tide=2340R%coniext=etd.

Olson, _ER Havvkxm C

. Hockett,
ske, 2., Wisniew,

ting natural base flow stream water chemisity in

States. Water Hesour. Res. 48 [W02504).

ing, (P, 2017, Effects of fofal dissolved solids on growth and mortality

fistributions of stream macroinvertebrates. Freshw. Biol. 62:779-791.
hittps://dolorg/10.113 1Awh 32901,

Ornernik, M., 1987, Ecoregion: the contegninous Linited States.
Ceogr, 77 (1), 118125,

Palrner, M.A, Berphar Eshlernan, KN, Foufoud
Hendryx, M.S : / L . O.L., Power, W White, |
Wilcock, PR, 4010 Scmncr‘ dnd regulation. Mounmn*o,: mining consequences. Sci-
ence 327 (5962):148-148. h 10.1126/science. 1180343,

Pond, G.J., Passmore, M.E, Pointon, N.D., Felbinger, LK., Walker, CA., Krock, KJ., Fuiton, LB,

2014. Long-term impacts on macroinvertebrates downstream of
reclaimed mountaintop mining valley fills in central Appalachia. Environ. Manag.
54 (4}, 919933,

Posthuma, L., Suter, GW., Traas, T., 2001. Spedes Sensitivity Distributions in Ecotoxicoi-
ogy. Lewis Publishers, Boca Raton, FL.

Potapova, M., 2005. Relationships of Soft-Bodied Algae to Water-Quality and Habitat
Character the LLS. Rivers; Analysis of the National Water-Quality /

{NAWQA) Program Data Set. The Academy of Natwral Sciences of Drexel University,

iladelphia, PA httpe//diatomacnaisclorg/auecoiogy/uploads/Report_October20.

Aran. Assoc. Ao,

G

s, IUF, 2003, Bistribution of benthic diatores 1o 1.5, rivers in relation
o conductivity and {onic compasit w. Biol. 48, 1311--1328.

Smith, D., 2001. Pennal’s Freshwater Invertebrates of the United States; Porifera to Crus-
tacea. John Wiley & Souns, New Yorlk, NY.

Stephan, C.E, Mount, Hansen, D), Gentile, LR, Chapman, G.A., Brungs, W.A., 1983.
Guidelines for Der rerical National Water Quality Criteria for the Protection

on Agency, Duluth,

Patapova, M., Chay

of Aquatic Organisrns and Their Uses. U.S. Envitonmental P

/.£Pa. gavlsxtc /production/files/2016-02/docu-

MN. PBB5-227049. https //wvx
raenits/guidelines-water-

fions for the ewlog Li ccmdiuon-). n A0S
Appl 16 (4), 12671276,
D, 1962. The coraposition of haernolymph in aquatic (nsects, Exp, Biol 39,

fae umwpt of {eferem,e condition. Ecol.

fcation of North American Freshwater Inver-

tebrate& Ac.s('

Tirnpano, A, Smor‘nholtz S. ~{ 501 4 Z1pom CE., 2015. Salinity as a limiting factor
for biological condition in mining-influenced central Appalachian headwater
streams. | Am. Water Resour. Assoc. 51 (1):240-250. bitps://doiorg/10.3111/
Jawr 12247,

U5, EPA, 2000. Nutrient Criteria: Technical Guidance Manual; Rivers and Streams. US. En-
vironmental Protection Agency, Office of Water, Washington, DC. EPA 822/B-00/002.
https:/fwww.epa.goviutrie nt-poelicy-dataoriteria-development-guidancerivers-
and-sireams.

U5, EPA, 2011. A Field-Based Aquatic Life
chian Strearns. LLS. Environroental Pr
opn ent, Natm yal Center for Environs -, Washington, DC. EPA/600/

fefpubepa. go\mcewd vi/recordisplay.cfin?deids: 233809,

1.8, EPA 2016, Public Review Draft: Field-Based Methods for Developing Aquatic Life

Benchmark for Conductivity in Central Appala-
ey, Office of Research and Devel-

Criteria for Specific Condu . WS, Envirgnmental Protection Agency, Office of
Water, Wash: R-07-010. (Available online at). hti W .EPa.
gov/wgc/dralt-field-based-methods-developing-aguatic-life-cri ecific-
conductivity.

U.5. EPA, 2012, Recreational Water Quality Criteria. U.S. Environmental Protection Agency,
Office of Water, Washington, DC., Office of Water 820-F-12-058. htips://www.epa.
gov/sites/production/fles/2015-10/documents/twge2312.pdf

van Viaardingen, PLA., Verbruggen, E.MJ1., 2007. Guidance for the Derivation of Environ-
mental Ri nits Within the Frarnework of ‘International and National Environ-
roental Quality Standards for Substances in the Netherlands (INS). RIVM report
601782001/2007. National Iostitute for Public Health and the Environment,

thoven, the Neth-"]an 5. btp:/fwww dvread/dsresource7objentid=7b0b8 (e -
59334 1-B11Edc775 Ry pe=or&disposition=inline.

Vander Laan, 1], Hawkins, CP., Olson, JR., Hill, R.A, 2013. Linking land use, i %
stressors, and biological condition to infer causes of regional ecol impairment
in streams. Freshw. Sci. 32, 801-820.

Wang, N., Dorman, RA., Ingersoll, C.G., Hardest, DX, Brumbaugh, W.G., Hammer, EJ.,
Bauer, CR., Mount, DR, 2016. Acute and chronic toxicity of sodium sulfate to four
freshwater organisms in water-only exposures. Enwviron. Toxicel Chem 35, 115-127.

Wang, N, lvey, CD., Ingersoll, C.G., Brumbaugh, W.G., Alvarez, D, Hammer, EJ., Ba.ler CR,

A.lgspuram T., Raimondo, S, Barnhart, M.C,, 2017. Acute sensitivity of a broad range

f T mussels to chernicals with different modes of toxic action. Environ.

. Chen 36 (3), 786-796.

Warne, M., Batley, G.E., van Dam, RA. Chaproan, J.C, Fox, DR, Hickey, CW., Stauber, 1.,
2015, Revised Method for Deriving Australian and New Zealand Water Guality € vmdﬂ
i i Toxicants. Prepared for the Council of Australian Governrnent” d

Environment and Water (SCEW). )-=pmmmf of Science, [nfon
Tuhnology and Iy tion, Brishane, Queensland 43 pp).h fpublications.csiro.
au/rpr/download 7 o EP153161&d

Wichard, W, Tsui, P, Kom ot of different salinities on the coniform
chioride cells of mayily larvae. §. Insect Physiol. 19, 1825-1835.

Wood, C., Shuttleworth, T., 2008. Celular and molecular approaches to fish ionic regula~
tion. Fish I‘hy:'oloffv Vol. 14. Academic Press, 5an Diege, CA

Wood-Eggenschwiler, 8., Barlocher, F., 1983, Aquatic hyphomycetes in sixteen sirearns in

France, Germany and Switzerland. Trans. Br. Mycal. Soc. 81, 371-379.

Zaiontz, C, 2014. Real Statistics Using Excel. hitp://www.real-statistics.com.

Z tiak, L., Kefford, B, Njgeg(vda \,1 the s L The effect of ionic

o an the s of Beshwater invertebrates.
Mcu frw. Res. 57, 71

Zhao, Q. Jia, X, Xia, B, Lin, }, Zb i
tebrate beachmark for specific conductivity adapt
strated in the Hun-Tai River Basin, Northeast China. Environ. Poliut. 216:902-910.
https Jidolorg/10.1016/fenvpol.2016.06.065.

Zielinsid, RLA, Otton, LK, Johnson, CA., 2001. Scurces of salinity near a coal mine spoil
pile, north-central Colorado. I. Environ. Qual 30:1237-1248. hitp//www.richbinim,
nitigov/pubmed/ 11476501,

Bristol Bay/Pebble Mine Permitting Process FOIAs_Final Release



